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Abstract

An ideal preparation for intravenous iron
replacement therapy should balance
effectiveness and safety. Compounds that
release iron rapidly tend to cause toxicity,
while large molecules can induce anti-
body formation and cause anaphylactic
reactions. There is therefore a need for an
intravenous iron preparation that deliv-
ers appropriate amounts of iron in a
readily available form but with minimal
side effects and thus with an excellent
safety profile. In this paper, a review is
given on the chemistry, pharmacology,
and toxicology of ferric carboxymaltose
(FCM, Ferinject.), a stable and robust
complex formulated as a colloidal solu-
tion with a physiological pH.

The complex is gradually taken up
mainly from the hepatic reticulo-endo-
thelial system (RES), followed by effective
delivery of iron to the endogeneous
transport system for the haem synthesis
in new erythrocytes, as shown in studies
on the pharmacodynamics and pharma-
cokinetics with radio-labelled FCM.
Studies with radio-labelled FCM also
demonstrated a barrier function of the
placenta and a low transfer of iron into
the milk of lactating rats. Safety pharma-
cology studies indicated a favourable
profile with regard to cardiovascular,
central nervous, respiratory, and renal
toxicity. A high maximum non-lethal
dose was demonstrated in the single-dose
toxicity studies. Furthermore, based on
the No-Observed-Adverse-Effect-Levels
(NOAELs) found in repeated-dose toxicity
studies and on the cumulative doses ad-
ministered, FCM has good safety margins.

Reproductive and developmental toxicity
studies did not reveal any direct or indi-
rect harmful effects. No genotoxic poten-
tial was found in in vitro or in vivo
studies. Moreover, antigenicity studies
showed no cross-reactivity of FMC with
anti-dextran antibodies and also sug-
gested that FCM does not possess sensi-
tizing potential. Lastly, no evidence of
irritation was found in local tolerance
studies with FCM.

This excellent toxicity profile and the
high effectiveness of FCM allow the ad-
ministration of high doses as a single
infusion or bolus injection, which will
enhance the cost-effectiveness and con-
venience of iron replacement therapy. In
conclusion, FCM has many of the charac-
teristics of an ideal intravenous iron
preparation.
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1. Introduction
A number of oral and parenteral iron preparations have
been used in the treatment of iron deficiency for many
years. Whereas oral preparations are adequate for the
treatment of many iron-deficient patients, parenteral
iron therapy is necessary in situations where there is
need for rapid repletion of iron stores or in cases of
malabsorption or intolerance to oral iron therapy.

Iron formulations suitable for intravenous adminis-
tration need to achieve a balance between effectiveness
and safety. Compounds that rapidly release large quan-
tities of ionic forms of iron can cause toxicity, while
other iron compounds may induce antibody formation
and cause serious anaphylactic reactions. An optimal
iron compound for intravenous use should deliver ap-
propriate quantities of iron in a readily available form,
but should cause minimal side effects and have an ex-
cellent safety profile.

The development of such an iron compound for intra-
venous use requires knowledge of the chemical proper-
ties as well as of the physiological conditions and iron
metabolism. Since the relationship between the struc-
ture and histotoxicity of parenteral iron preparations
has been thoroughly researched and described before
[1], in this paper the properties of different types of iron
preparations including ferric carboxymaltose (FCM) are
shortly reviewed; the chemistry, pharmacology, and
toxicology of this new intravenous iron preparation will
be reported in detail in this document.

1.1 The chemistry of iron compounds used
in medicine

Simple iron salts such as ferrous sulphate are widely
used for oral treatment of iron deficiency. When such
salts are dissolved in water, ferrous hexaaqua-ions
(Fe(H2O)6

2+) are formed which can react with oxygen
to form reactive oxygen species, which can then induce
tissue damage. On the other hand, ferric hexaaqua-ions
(Fe(H2O)6

3+) are stable only under very acidic condi-
tions and form insoluble and polynuclear precipitates
at the physiological pH of about 7.0, with the conse-
quence that the iron will be unavailable to cells. How-
ever, iron(III)-oxyhydroxides can be kept in solution as
colloidal particles in the form of carbohydrate com-

plexes. Iron complexes containing carbohydrates such
as sucrose, dextran and dextrin have all been used
therapeutically. These iron-carbohydrate complexes are
similar to ferritin, the naturally occurring iron storage
protein in the body, which consists of an iron(III)-oxy-
hydroxide core stabilized by a protein shell. Such com-
plexes do not release ionic iron at neutral pH, but the
iron is therapeutically available: the complexes are
metabolized and the iron can either be delivered to the
transport system, i. e. transferrin, or, depending on the
physiological need, be stored in ferritin. These com-
plexes vary in their size (indicated by their molecular
weight, Mw) and the rate at which they release iron
(indicated by their degradation kinetics parameter, k).
The polynuclear iron(III)-oxyhydroxide carbohydrate
complexes can therefore be categorised according to
their kinetics variability (as labile or robust) and their
thermodynamics characteristics (as weak or strong)
(Table 1).

Type I complexes, such as ferric carboxymaltose
(FCM) or iron dextran, are robust and strong and there-
fore release only minimal amounts of ionic iron in the
circulation. They are taken up from the plasma by the
macrophages of the reticulo-endothelial system (RES)
with a half-life of 16 h for FCM [2] and 3 – 4 days for iron
dextran [1]. The RES route of uptake prevents the forma-
tion of harmful reactive oxygen species. Such complexes
therefore do not damage tissues such as the liver, kidney
or spleen. Because of their stability, Type I complexes
can be given at high doses. However, the large size espe-
cially of the high-molecular weight (HMW) compounds
such as HMW iron dextran can produce allergic and
occasionally dextran-induced anaphylactic reactions
(DIAR) due to the presence of anti-dextran antibodies.
These antibodies may be present as a result of earlier
treatments with iron dextran or even in previously un-
treated patients.

Type II complexes such as iron sucrose are semi-ro-
bust and moderately strong and thus less stable than
Type I complexes. They therefore release larger
amounts of iron in the circulation. Iron is taken up larg-
ely by the RES, with plasma half-lives of hours rather
than days.

Type III complexes are the least stable and therefore
release relatively large amounts of ionic iron into the
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Table 1: Classification of different types of iron-carbohydrate complexes.

Type Kinetic
property

Thermodynamic
property

Molecular
weight (MW)

(kD)

Degradation
parameter
(k*103) at
h = 0.5

(min– 1)

Examples

I robust strong > 100 15 – 50 ferric carboxymaltose; iron dextran; iron dextrin

II semi-robust moderately strong 30 – 100 50 – 100 iron sucrose

III labile weak < 50 > 100 iron gluconate; iron citrate; iron sorbitol

IV mixed mixed < 50 (variable) iron dextrin/sorbitol/citric acid complex;
iron sucrose/gluconic acid complex



circulation. Consequently, transferrin becomes satu-
rated at low doses, and excess iron will be bound to
other proteins such as albumin. Complexes with mole-
cular weights below 18 kD tend to undergo renal elimi-
nation.

The size and structure of iron carbohydrate com-
plexes depend on the conditions under which they are
formed. Under certain conditions, mixed complexes will
be formed and such mixtures are classified as Type IV.
Such heterogenous mixtures display a number of prop-
erties of the other types, including their side effects such
as allergic responses and saturation of the iron transport
system. The toxicity profile reflects the most reactive
form present in the mixed complex.

1.2 The profile of an ideal parenteral iron preparation

An ideal form of iron for intravenous administration
should be capable of delivering sufficient amounts of
iron to correct iron deficiency rapidly, but without caus-
ing any side effects. It should be free from any com-
pounds, such as dextran, that could lead to antibody
production and/or react with anti-dextran antibodies
and induce DIAR. For ease and comfort of injection,
intravenous preparations should have a neutral pH and
be isotonic. The final form should withstand steriliza-
tion. Naturally, the development of a new generation of
intravenous iron is aimed at such an ideal compound.

2. Properties of ferric carboxymaltose
(FCM)

2.1 Chemistry

Ferric carboxymaltose or FCM, also called iron(III)-
hydroxide carboxymaltose and marketed as Ferinject.

(Vifor (International) Inc., St. Gallen, Switzerland), is
classified as a Type I compound, meaning that it is
robust and strong. It has a molecular weight (MW) of
about 150 kD and a degradation kinetics parameter (k)
of 10 – 50 · 10– 3 min– 1. It displays high structural homo-
geneity. Due to its stability, FCM releases iron gradually
which is delivered to the endogenous iron-binding pro-
teins. It does not release ionic iron into the serum. After

i. v. administration, the iron is distributed mainly in the
RES of the liver, in the spleen, and in particular in the
bone marrow [3]. The carbohydrate moiety is metabo-
lised via glycolysis into simple oligo-glucose units such
as maltotriose, maltose, and glucose.

FCM formulations have a nearly neutral pH (5.0 – 7.0)
and physiological osmolarity (5 % m/V iron solution),
unlike iron sucrose which has a high pH and high osmo-
larity.

In Table 2, the chemical and physiological properties
of an ideal parenteral iron preparation are compared to
those of FCM, iron dextran, and iron sucrose.

2.2 Pharmacokinetics and pharmacodynamics

A study with radio-labelled FCM (10 mg iron) in male
rats fed an iron-deficient diet showed that after 6 h, only
6 % of the iron was still present in the serum, and by
24 h it had fallen to < 1 % [4]. The half-life was less than
1.5 h and the mean residence time was less than 2 h.
Fourteen days after administration, 76 % of the systemi-
cally retrieved iron had been delivered to the red blood
cells, while 11 % was found in the liver, 2 % in the
spleen, and 1 % in the kidneys. After 28 days, 87 % of
the iron was found in the red blood cells while only 7 %
remained in the liver, 1 % in the spleen, and 1 % in the
kidneys. In another study using radio-labelled FCM
(5 mg iron) in rats fed iron-deficient diet, the incorpora-
tion of the administered iron into red blood cells was
79 % (males) and 55 % (females) within 14 days [5]. After
28 days, the proportion of administered iron present in
the red blood cells was 91 % in males and 67 % in
females. The majority of the balance was found in the
liver. The incorporation of radio-labelled iron into the
red blood cells demonstrates the efficiency of FCM to
deliver iron to the target tissue (red blood cells) and
storage sites (e. g. liver) in iron-deficiency states.

Pharmacokinetic data have been determined in rats
(fed normal or fed iron-deficient diets) and dogs (nor-
mal) after administration of radio-labelled FCM (5 mg
iron in rats and 50 mg iron in dogs) [5 – 7]. After intra-
venous administration, radioactivity was rapidly cleared
from the plasma of both species; the levels were very
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Table 2: Characteristics of an ideal parenteral iron preparation and comparison with available preparations.

pH Osmolarity Antigenicity Time required for
administration

Maximum dose
(mg iron)

Half-life
Reduction
potential

(mV)

Ideal neutral isotonic low short high 4 – 24 h < – 324

Iron sucrose high high low long (3.5 h for 7 mg
Fe/kg b. w.)

500 mg/week 6 h – 526

Iron dextran neutral isotonic high (risk of ana-
phylactic reaction)

long (6 h for 20 mg
Fe/kg b. w.)

20 mg Fe/kg b. w. 3 – 4 days – 475

Ferric carboxymal-
tose (FCM)

neutral isotonic low (does not
contain dextran or

cross-react with
dextran antibodies)

short (15 min for
15 mg Fe/kg b. w.)

1000 mg/week 16 h – 390

b. w.: body weight.
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low or undetectable 6 h after dosing in dogs and after
about 16 h in rats. Plasma elimination half-life was cal-
culated to be 3.1 h in dogs and 2.0 – 2.8 h in rats. Whole
blood radioactivity levels showed a similar decline over
the first 24 h as that seen in plasma, but steadily in-
creased from 48 h after dosing until peak levels were ob-
served at 3 to 4 weeks after dosing, as iron was incorpo-
rated into red blood cells (Fig. 1). In the first 7 days after
dosing, there was a significant uptake of radioactivity by
the liver (ranging between 27 % in rats fed an iron-defi-
cient diet and 67 % in normal dogs); thereafter liver lev-
els decreased while radioactivity levels in the red blood
cells increased. These data confirm the efficiency of
FCM shown in the pharmacodynamics analysis. The up-
take of radio-labelled iron into blood cells in rats fed an
iron-deficient diet was greater than in normal rats, with
a corresponding decrease in the fraction of the dose re-
tained in the storage tissues (i. e. liver and spleen).

The breakdown products of FCM were identified in in
vitro degradation studies with a-amylase or rat liver S9
fraction. Incubations with either system showed rapid
hydrolysis of the carbohydrate ligand to oligoglucose

units such as maltotetraose (with rat liver S9 fraction),
maltotriose, maltose, and glucose. All of the major
breakdown products identified are considered to be of
little toxicological concern [8].

The transfer of iron across the placenta in pregnant
animals following FCM administration has been as-
sessed in studies with 59Fe-labelled FCM. Seven days
after administration of 5 mg iron as FCM to pregnant
rats on Day 12 of gestation, 3.1 % of the iron dose was
found in the placenta and 9.2 % in the fetuses [9]. Fetal
concentrations were lower than placental concentra-
tions, suggesting that the placenta acts as a partial bar-
rier to the transfer of iron. Moreover, no iron crossed the
placental barrier in an in vitro study with human pla-
centas, which may indicate that the FCM complex can-
not cross the placenta [10]. This observation together
with the kinetics of iron transfer into foetuses in the in
vivo study [9] suggest that the placental transfer is es-
sentially dependent on the metabolism of the FCM
complex.

In studies on the excretion of radio-labelled FCM into
the milk, less than 1 % of the injected dose was detected
at any time point for rats that had received 10 mg iron
within 24 h post-partum [11]. After administration of
5 mg iron as FCM on Day 7 post partum, the milk:plas-
ma AUC ratio over the first 24 h after dosing was 0.09,
which indicates a very low transfer into the milk [9].
Hence, administration of FCM to lactating women is
unlikely to pose a risk to their infants.

2.3 Safety pharmacology

The effects of FCM on respiratory parameters have been
measured in rats [12]. Administration of 30 or 90 mg
iron/kg had no marked or statistically significant effect
on respiratory rate, tidal volume, or minute volume
compared to the control group which received the i. v.
vehicle (0.9 % saline solution).

Two studies in rats have examined the effects of i. v.
administration of FCM (30 and 90 mg iron/kg) on renal
function [13, 14]. There was a transient decrease in
urine output and electrolyte excretion at the dose of
90 mg iron/kg. However, blood urea and creatinine va-
lues were unaffected. In conclusion, these studies
showed no significant adverse effects on renal function.

In an Irwin dose-range study in rats, 30 or 90 mg iron/
kg were administered i. v. [15]. No effects of FCM on be-
haviour, locomotor activity, or body temperature were
observed.

The cardiovascular effects of FCM administered by
slow infusion (5 % m/V iron formulation, [16]) or bolus
injection (5 % and 10 % m/V iron formulations, [17]) were
examined in two studies in dogs at doses of 30 and 90 mg
iron/kg. FCM did not induce significant adverse cardio-
vascular parameters, including the QT interval and ECG
morphology. There were no significant differences be-
tween the 5 % and 10 % m/V iron formulations.
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Fig. 1: Radioactivity found in whole blood, plasma, and red
blood cells of male or female rats fed an iron-deficient diet
as a function of time after i. v. injection of 59Fe-labelled FCM
(5 mg iron/rat) [5]. Fig. 1A presents the results over the whole
study period of 28 days, whereas Fig. 1B shows the results ob-
tained during the first 16 h after injection.

A

B



2.4 Single-dose toxicity

Toxicological studies of FCM have been performed with
mice, rats, and dogs receiving single doses of 60, 120,
240, 1000, or 2000 mg iron/kg body weight as a single
bolus injection [18 – 21]. These studies indicated that
1000 mg iron/kg is a non-lethal dose in rats and mice,
while the lethal dose was approximately 2000 mg iron/
kg in mice, given as a single i. v. bolus injection [18,
19]. The maximum non-lethal dose of 1000 mg iron/kg
corresponds to 66 times the maximum weekly i. v. infu-
sion dose recommended for use in humans (i. e.
1000 mg iron, which is about 15 mg/kg for a 66 kg pa-
tient), and more than 300 times the maximum bolus
dose that will be administered in the clinic (200 mg iron,
about 3 mg iron/kg in a 66 kg patient). The maximum
non-lethal dose of FCM is also at least 5 times higher
than that of iron sucrose [23]. The only abnormal fea-
ture observed with these maximal doses was an en-
larged spleen in rats and mice [18, 19]. This is thought
to reflect the processing of the iron complex by the RES
and is an expected physiological response to iron over-
load. The lower dosages were clinically well tolerated
but resulted in elevated serum transaminase activities
in rats, particularly at dosages of 120 and 240 mg iron/
kg [20]. In dogs, slightly increased plasma transaminase
and alkaline phosphatase activities were evident at all
dosage levels between 60 and 240 mg iron/kg [21].

Two histopathological studies of i. v. administration of
a single dose of 250 mg iron as FCM per kg in non-anae-
mic male mice showed no adverse events; no necroses
or other tissue damage were detected during the studies
lasting 14 days [24] or 4 days [22]. All mice showed the
expected body weight gain. Histological investigations
showed iron deposits mainly in the liver and spleen, fol-
lowed by the adrenals, kidneys, stomach, and intestines.
Within these organs, a favourable iron distribution was
observed with 80 – 90 % of the liver iron located in the
RES, 98 – 100 % of the spleen iron located in the red
pulp, and 99 – 100 % of the renal iron in the glomeruli.
Fig. 2 shows the iron distribution found after 4 days in
the liver, with medium grained iron deposits located
mainly in the periportal and central Kupffer cells and
in the hepatocytes. Only traces of iron were found in
the lungs after four days with no deposits remaining on
Day 14 in the first study [24]. The fact that no necroses
were observed with FCM, although they are commonly
seen especially with Type IV iron preparations, is con-
sistent with the low amounts of iron found in the liver
parenchyma upon FCM administration, as opposed to
the high amounts of iron typically found in the parench-
yma for more toxic iron preparations [1]. In conclusion,
FCM showed a favourable histopathological iron distri-
bution profile.

2.5 Repeated-dose toxicity

Repeated-dose studies have been performed over 13 or
26 weeks in iron-replete rats and dogs with different
dosing schedules and methods of administration (i. v.

infusion or bolus injection) with 3 to 90 mg iron/kg/
week. Treatment-related changes were detected at all
dose levels as a result of iron deposition. The Lowest-
Observed-Adverse-Effect-Levels (LOAELs) were found
to be 9 mg iron/kg/week for rats with a study duration
of 26 weeks or 30 mg iron/kg/week for rats with a study
duration of 13 weeks and for dogs with a study duration
of 13 or 26 weeks. Principal findings in the repeated-
dose toxicity studies included altered liver function (ele-
vated transaminases, increased activated partial throm-
boplastin time (dogs only), reduced albumin, and in-
creased alkaline phosphatase), increased liver and
spleen weights, haematological changes (altered red cell
parameters), extramedullary haemopoiesis (dogs only),
reduced weight gain and food intake (rats only), brown
pigment in the RES, in the parenchyma of liver and kid-
neys and in the the lymph nodes (dogs only), and in-
creased perivascular fibrosis (dogs only). At all doses of
FCM, the observed changes were expected effects of
chronic parenteral iron administration/chronic iron
overload.

The mean liver iron levels found in the animals are
shown in Table 3. In rats, the No-Observed-Adverse-Ef-
fect-Level (NOAEL) was 9 mg iron/kg/week in the studies
with a duration of 13 weeks, with no difference between
once weekly i. v. infusion or thrice weekly i. v. bolus injec-
tion [25, 29]. With a study duration of 26 weeks, the
NOAEL was reduced to 3 mg iron/kg/week (given as i. v.
bolus injection three times per week) [26]. In dogs, the
observed toxicity profile was similar to that observed in
rats, and with a study period of 13 weeks the NOAEL
was also found to be 9 mg iron/kg/week for once weekly
i. v. infusion or thrice weekly bolus injections [27, 28].
However, the NOAEL after a 26-week study was found to
be equal to the NOAEL after 13 weeks with 9 mg iron/kg/
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Fig. 2: Microscopic picture of mouse liver 4 days after injec-
tion of 250 mg iron/kg as FCM. The picture shows medium
grained iron deposits located predominantly in periportal
and central Kupffer cells and in the hepatocytes. There were
no necroses detectable [24].



week (given as i. v. bolus injection three times per
week)[28].

Given the slow release of iron from robust iron com-
plexes such as FCM, the cumulative dose of iron is
probably a more useful measure to evaluate safety than
the daily or weekly dose. Studies in iron-replete rats and
dogs showed that the cumulative dose associated with
the NOAEL was between 78 and 234 mg iron/kg. This is
between 3 and 8 times the maximum expected clinical
dose that will be given over an entire treatment period
(i. e. about 30 mg iron/kg body weight).

Instead of collecting conventional toxicokinetics data,
iron levels in tissue (in dogs) and plasma (in dogs and
rats) were measured. The results show a clear dose-re-
lated accumulation of iron in the liver, with a less than
two-fold increase in liver iron levels in dogs after
26 weeks compared to 13 weeks, which is in agreement
with the finding of identical NOAELs after 13 and
26 weeks for dogs. At the NOAEL dosages, the liver iron
level was 4 – 20 times that of the controls, and signs of
iron overload toxicity were observed at liver iron levels
of 13 to 50 times that of the controls (Table 3) [26, 28,
29]. This good correlation between observed toxicity
and liver iron levels suggests that the safety margins for
FCM may be more appropriately based on liver iron le-
vels than on the NOAELs, supporting the proposal to
base safety margins on cumulative doses rather than
on weekly or daily doses.

The nature of the changes seen in animals dosed on a
repeated basis with FCM are entirely expected based on
the data for other approved parenteral iron preparations
such as iron sucrose. A characteristic pattern of liver
toxicity and hepatic fibrosis is associated with iron over-
load. This follows the initial distribution of the excess
iron into the cells of the RES, then into the parenchymal
cells, where lipid peroxidation may cause cellular toxi-
city. However, the low proportion of iron found in the
parenchyma and the absence of necroses in the histolo-
gical studies indicate that lipid peroxidation will not be
an issue with FCM. It should also be remembered that
FCM is designed as a treatment for patients with severe
iron deficiency, and the likelihood of iron overload in
such patients is much lower than in iron-replete experi-
mental subjects.

2.6 Reproductive and developmental toxicity

Fertility and early embryonic development were investi-
gated in male and female rats at dosages of 3 – 30 mg
iron/kg administered by 1 h intravenous infusion three
times per week. Male rats were treated from 4 weeks be-
fore mating to 1 to 4 weeks after mating and females
from 2 weeks before mating to Day 7 of gestation, i. e.
implantation. There was no effect on fertility, mating
performance, pregnancy rate, sperm motility, or early
embryonic development at the highest dose level of
FCM. The NOAEL for fertility and early embryonic de-
velopment was therefore considered to be 90 mg iron/
kg/week, whereas the maternal NOAEL in this study
was 27 mg iron/kg/week, due to decreased body weight
gain in parent animals at the highest dosage level [30].

Embryo-foetal toxicity was assessed in rats [31] and
rabbits [32, 33] with dosages of 3 to 30 mg iron/kg/day
on Days 6 – 17 of gestation (in rats) and 1 – 18 mg iron/
kg/day on Days 6 – 19 of gestation (in rabbits). In rats,
maternal toxicity was observed at the higher dose levels
with a dose-related reduction in weight gain at 9 and
30 mg iron/kg/day. Litter survival and growth were un-
affected in rats at all dose levels, but an increased inci-
dence of foetuses with thickened or kinked ribs was
seen at 30 mg iron/kg/day. The maternal and foetal
NOAELs were found to be 3 and 9 mg iron/kg/day, re-
spectively [31]. In the first rabbit study, maternal toxi-
city including death, abortions (18 and 13.5 mg iron/
kg/day) and reduced food intake (18, 13.5, and 9 mg
iron/kg/day) was observed. Litter survival and growth
were unaffected, but dose-dependent cranial abnormal-
ities (domed cranium, hydrocephaly) and ossification
irregularities were found [32]. At 4.5 mg iron/kg/day,
foetuses and litters with unossified phalanges were ob-
served with an increased incidence that was within the
range observed in historical studies for control litters.
These ossification changes were considered to represent
a slight delay in the development of the foetal skeleton;
since such changes are transient in nature, they are not
considered to represent a permanent adverse effect on
the foetus. This interpretation was confirmed by the
lack of corresponding effects in the study on pre- and
postnatal development [34] (see below). In this first rab-
bit study, the maternal and foetal NOAELs were con-
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Table 3: Mean liver iron levels (lg iron/g tissue) after repeated-dose application of i. v. FCM during 13 or 26 weeks. The data at
NOAELs are shown in italics.

Species Dog Rat

Study [27] [28] [28] [29] [26]

Regimen Weekly for
13 weeks

3x/week for
13 weeks

3x/week for
26 weeks

3x/week for
13 weeks

3x/week for
26 weeks

Control 218 190 284 184 184
3 mg iron/kg/week – 1,261 2,165 417 796
9 mg iron/kg/week 2,743 3,380 5,555 1,145 2,461
30 mg iron/kg/week 6,330 8,850 14,438 4,129 8,886
90 mg iron/kg/week 13,725 – – 10,105 –

Data from male animals only.



cluded to be 9 and 4.5 mg iron/kg/day. However, the
second rabbit study failed to confirm an effect of FCM
on skeletal ossification in the foetus, even at maternally
toxic dosages (9 mg iron/kg/day) [33]. No evidence of
embryo-foetal toxicity was found at any dosage in this
study (1 – 9 mg iron/kg/day), and the maternal and foe-
tal NOAELs were found to be 4.5 and 9 mg iron/kg/day,
respectively.

As in other studies of the effects of i. v. iron prepara-
tions on developing animal embryos, it was often im-
possible to distinguish specific effects of FCM on the
embryo or foetus from the general effects of iron over-
load on the maternal physiology. The general pattern of
changes seen in these studies is similar to that seen in
reproductive studies with iron-poly(sorbitol-gluconic
acid) complex [35] and iron sucrose [36, 37]. Overall,
the NOAEL for effects on embryo-foetal development
in rats and rabbits can be regarded as 9 mg iron/kg/
day, i. e. 63 mg iron/kg/week, which is about four times
the maximum weekly clinical dose for humans.

In a pre- and postnatal toxicity study in rats, doses of
3 to 18 mg iron/kg/day were given daily from Days 6 – 19
of gestation and five times post partum until Day 14
post partum. Apart from the above-described effects on
the mother (reduced weight gain at 18 mg and slightly
reduced food intake at 9 or 18 mg iron/kg/day), the only
observed effect on the offspring was a transient reduc-
tion in weight gain in the first days of life of the first
generation (F1) at the highest dose of 18 mg iron/kg/
day. Otherwise, no specific effects of FCM on pre- or
postnatal development were observed. The maternal
NOAEL was shown to be 63 mg iron/kg/week, which is
about 4 times higher than the maximum weekly dose
in humans. The NOAEL for offspring was judged to be
126 mg iron/kg/week, which equals to about 8 times
the maximum human dose [34].

As an overall conclusion of the animal reproductive
toxicology studies, no direct or indirect harmful effects
on reproduction were revealed.

2.7 Genotoxicity

Four genotoxicity studies have been carried out with
FCM: a bacterial cell mutation assay with Salmonella
typhimurium (strains TA1535, TA1537, TA98, TA100)
and Escherichia coli (strain CM891) with and without
metabolic activation (5 – 5000 lg iron/plate); an in vitro
chromosome aberration test in human lymphocytes
with and without metabolic activation (1250 – 5000 lg
iron/ml); an in vitro mouse mutation assay with mouse
lymphoma cells (L5178Y) with and without metabolic
activation (156 – 5000 lg iron/ml); and an in vivo mouse
micronucleus test with bone marrow cells (125 – 500 mg
iron/kg i. v.) [38 – 41]. None of these studies showed any
effect of FCM indicative of genotoxic potential.

2.8 Antigenicity

Given the known risk of anaphylactic reactions with
intravenous iron dextran, the potential of FCM to

cross-react with anti-dextran antibodies was studied in
guinea pigs [42]. Dextran antibodies were produced in
rabbits and then injected intradermally into guinea pigs
which were later challenged with intravenous FCM or
iron dextran. The passive cutaneous anaphylaxis (PCA)
response was assessed. Dextran induced a PCA response
in all the treated guinea pigs. However, there was no
PCA response to FCM in the animals that had received
anti-dextran antibodies, which indicates that there is
no cross-reactivity between FCM and anti-dextran anti-
bodies.

The sensitizing potential of FCM was examined as
part of the 26-week intravenous toxicity study in rats
[26]. At the end of the 6-week recovery period, the con-
trols and animals previously treated with FCM received
a FCM challenge dose of 1 mg iron/kg. No clinical evi-
dence of a hypersensitivity reaction was observed. These
findings, together with the properties of the carbohy-
drate component of FCM, led to the conclusion that it
is very unlikely that FCM itself is immunogenic.

2.9 Local tolerance and haemocompatibility

Local tolerance studies relevant to the clinical route of
administration were performed in rabbits with a 5 %
iron (m/V) FCM formulation by the intravenous, intra-
arterial (both at 25 mg iron), and peri-venous routes of
administration (10 mg) iron into the ear. In addition,
rabbit local tolerance studies were performed with in-
travenous and peri-venous administration to compare
the tolerability of the 5 % and the 10 % iron (m/V) for-
mulations [43 – 47]. No evidence of a general irritant
effect of the formulation on the tissues was found. The
spectrum and incidence of changes for all application
routes were similar between the FCM treated sites and
the reference (saline solution) control sites. The only oc-
casional finding was slight pigmentation especially in
macrophages, reflecting the expected scavenging and
uptake of the FCM complex by dermal macrophages.
In the studies in which the 5 % and the 10 % formula-
tions were compared, there was no difference in local
responses between the two products, indicating a good
tolerability of the higher concentration.

The direct effects of FCM on human blood have also
been tested with fresh blood from volunteer donors.
There was no evidence of haemolytic activity or any
other type of adverse reaction when blood was incu-
bated with FCM [48].

3. Conclusion
In conclusion, nonclinical studies have demonstrated
that FCM is an effective complex for delivering iron to
target tissues in the treatment of iron deficiency. FCM
has many characteristics of an ideal intravenous iron
preparation and its properties are closest to an ideal
preparation, as can be seen from the comparison of
parenteral iron preparations given in Table 2. It has a
high effectiveness, i. e. the iron from FCM is rapidly uti-
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lized for haem synthesis, as demonstrated by the studies
with radio-labelled preparations (Fig. 1). As a Type I
complex, it delivers iron gradually and mainly to the
RES of the liver. This targeted and slow release accounts
for the low toxicity of FCM and the large safety margin
between normal and lethal dosing (66 times the maxi-
mum weekly dose recommended for clinical use and
5 times greater than the lethal dose for iron sucrose).
Because of these factors and because of the neutral pH
and physiological osmolarity of the FCM formulation,
high doses can be administered with good local toler-
ance. The toxicities observed in the various studies were
all considered to have resulted from the effects of iron
overload in healthy, iron-replete animals. Providing the
iron dose is calculated according to the needs of each
patient, toxicity is very unlikely to occur during clinical
use of FCM. Together with its very low potential for im-
munogenicity, this results in an excellent safety profile
and convenience for both patients and medical profes-
sionals. The ability to give large doses in a single session
will also enhance the cost-effectiveness of iron replace-
ment therapy. This may result in new applications for
intravenous iron therapy, as for example in individuals
who would have received oral preparations up to now,
or, due to the possibility of administering high doses
and the effectiveness of FCM, in situations of severe
blood loss.

In summary, the nonclinical studies of FCM promise
a new generation of intravenous iron preparations with
excellent effectiveness and safety, resulting in con-
venient and cost-effective iron replacement therapy.
These expectations have been completely fulfilled by
clinical studies with anaemic patients [49, 50] and grow-
ing clinical experience [51].
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